Generally, most of the metallic nanoparticles have been synthesized using chemical techniques, where the chemicals used are generally toxic and combustible. Therefore there is a growing need to develop environment friendly synthesis techniques without using toxic chemicals. In this paper we present a simple and green/eco-friendly/chemical free biosynthesis of silver nanoparticles using Elettaria cardamom seed extract as reducing agents. The as synthesized nanoparticles were characterized by UV-vis absorbance spectroscopy, XRD and SEM measurements. The experimental study confirmed the formation of highly crystalline nanoparticles with uniform shape. Further, the antibacterial activity against the Bacillus subtilis was also evaluated for Elettaria cardamom seeds extract assisted silver nanoparticles and the later found to exhibit significant activity.
Introduction
Nanotechnology deals with the materials at nanoscale and the nanoparticles are being considered as its fundamental building blocks. The nanoparticles exhibits completely new and improved properties as compared to their bulk counterpart due to variation in specific characteristics such as size, distribution and morphology of the particles which give rise to larger surface area to volume ratio (Singh, A. et. al., 2001) . Metal nanoparticles have tremendous applications in the field of science and technology due to their unique electronic, mechanical, optical and magnetic properties (Bisen, D.P. et al. 2009 , Buzea, C. et al., 2007 . In recent years the silver nanoparticles have greatly focussed the researcher's attention because of their important application as antimicrobial, catalytic, textile fabrics and plastics to eliminate micro-organisms. The silver nanoparticles are specifically used as antibacterial/antifungal agents in biotechnology and bioengineering. They can be used for targeted drug delivery which is more effective and having fewer side effects as compared to its bulk counterpart. The silver nanoparticles can be synthesized by number of physical and chemical techniques (Begum, N.A. et al. 2009 , Rastogi, R.P. et al. 1998 , Yang, W.T. et al. 2011 . Unfortunately, many of these techniques are either expensive or involve the use of hazardous chemicals. Therefore there is a growing need to develop environment friendly synthesis techniques without using toxic chemicals. Bio-synthesis of nanoparticles is a fast growing research in nanotechnology. Nowadays, plant extract has been used as reducing and capping agent for the synthesis of nanoparticles. The use of plant extract is more advantageous because it does not require elaborate processes such as intracellular synthesis and multiple purification steps or the maintenance of microbial cell culture (Mukunthan, K.S. et al., 2011) . The biosynthesis of silver nanoparticles using Azadirachta indica , Cissus quadrangularis , Catharanthus roseus (Ponarulselvam, S. et al., 2012) , Cinnamomum camphora (Xin, Y. et al., 2010) , Phoma glomerata (Birla, S.S. et al. 2009 ), Nicotiana tobaccum (Kumar, P. et al., 2011) and Elettaria Cardamomom (GnanaDhas G. et al., 2012) etc. have been reported in literature.
The aim of the present study is to synthesize the silver nanoparticles (Ag NPs) using cost effective and eco-friendly technique. The present study showed the green synthesis of silver nanoparticles using Elettaria Cardamom Seeds (ECS) extract as reducing agents without use of chemicals. Elettaria Cardamom is a perennial, herbaceous, rhizomatous plant and has very pleasant smell and taste.
Experimental
The process of synthesis of silver nanoparticles started from the ECS extract formation followed by making of aqueous solution of AgNO3. The extract was used as reducing agents to form silver nanoparticles from aqueous solution.
Preparation of seeds extracts
Initially 20 gm of Elettaria Cardamom Seeds (ECS) were taken and washed with distilled water. The seeds are dried in hot air oven at 40 0 C for 2 hours. The seeds were then crushed using mortar pestle. The resulting mixture was boiled with 50ml of distilled water at 75 0 C for 20 minutes (properly shaked during heating). Then the resulting solution was filtered to get an extract.
Synthesis of silver nanoparticles
The aqueous solution of 45ml. of 0.01mM silver nitrate was prepared and mixed with 5ml. of filtered seed extract solution. The mixture was kept at room temperature in dark for 24 hours for reduction of Ag + ions. The colour changes from pale yellow to yellowish brown. The as-obtained product was used for antibacterial and optical studies. Further, the as-obtained product was centrifuged at 7000 rpm for 1 hour to separate the nanoparticles for SEM and XRD characterization.
Characterization of silver NPs
The as-obtained silver nanoparticles were ultrasonicated for 1 hour and then analysed by using UVVis Spectroscopy, XRD and SEM measurements.
UV-Vis Spectroscopy
The monitoring of the reduced silver particles (pure Ag + ions) was done by measuring the UV-Vis spectrum of the reaction medium after 24 hours. The absorption spectra were recorded over the range of 300-750 nm using Perkin Elmer UV-Vis spectrophotometer.
XRD measurement
The powder sample for XRD measurement was prepared by centrifugation of the finally obtained solution at 14000 rpm at 4 o C for 20min followed by re-dispersion of the pellets of residue into deionised water. After drying the mixture the powder of silver nanoparticles was obtained. The XRD pattern of dried powder was acquired by Cu Kα radiation (1.5406 Å; 45 kV, 30 mA) using X'Pert PRO Diffractometer.
SEM measurement
The surface morphology of the as-synthesized silver nanoparticles was observed by Scanning Electron Microscope (SEM) (Zeiss Scanning electron microscope). The sample was coated on the conductive carbon tape.
Antibacterial activity
The antibacterial activity of the silver nanoparticle against human pathogenic bacteria Bacillus subtilis was studied by using standard well diffusion method (Ahmad, I. et al. 2001 , Aneja, K.R. et al., 2009 . For cultivation of the bacteria, Nutrient Agar was prepared. 100μl of overnight grown fresh culture of the bacteria was spread on Nutrient Agar containing Petri plates. The agar plates were allowed to dry and with a sterile borer 5mm holes were punched in the inoculated agar plates and the lower portion of each well was sealed with a little specific molten agar medium. A 20µl volume of plant extract, aqueous silver nitrate and distilled water (as negative control) was propelled directly into the wells of the inoculated agar plate and the plate was incubated at 37 0 C overnight. On next day, the antibacterial activity indicated by an inhibition zone surrounding the well was recorded and the zone of inhibition was measured. Figure 1 shows the Elettaria Cardamom Seeds (ECS) purchased from the market. Initially the aqueous solution of silver nitrate was prepared and it is found to be colourless. When this silver nitrate solution was mixed with filtered seed extract solution, its colour become pale yellow within 1 minutes and after 24 hours the colour of this resulting solution changes from pale yellow to yellowish brown (Figure 2, a & b) , indicating the formation of silver nanoparticles which was confirmed by using ultra violet visible spectroscopy and XRD analysis (Prabhu, N. et al., 2010) . The silver nanoparticles exhibit reddish brown colour in aqueous solution due to excitation of surface plasmon vibrations in silver nanoparticles (Mulvaney, P. et al., 1996) . Further with the passing of the time the colour change to dark-brown is due to increased concentration as well as growth of silver nanoparticles. The UV-Vis spectrum of reaction medium (figure 3) shows an emission peak at 445nm, which corresponds to the absorbance of silver nanoparticles and reveals that the nanoparticles were well dispersed in the aqueous solution and there is no evidence for aggregation in UV-Vis absorption spectrum (Vivekanandhan, S. et al., 2010) . 
Results and Discussion

Fig. 3. UV-Vis absorption spectrum of reduction of silver ions to silver nanoparticles
The XRD pattern of as-synthesised silver nanoparticles was recorded and shown in Figure 4 . The number of strong Bragg reflections peaks are observed at 38.17°, 44.28°, 64.52°, and 77.61° which can be indexed to (111), (200), (220) and (311) planes of pure silver . On comparing the observed data from available literature (JCPDS, File No. 4-0783) it is found that all the peaks in XRD pattern can be corresponds to a face-centered cubic (FCC) structure of silver. It confirmed that the main composition of the nanoparticles is silver. Apart from these peaks responsible for silver nanoparticles, the recorded XRD pattern shows additional un-assigned peaks. This may be due to the formation of the crystalline bio-organic compounds that are present in the Elettaria Cardamom Seeds extract. The XRD pattern clearly shows that the silver nanoparticles synthesized by the green method are crystalline in nature. Kumar, Ravi Kumar, and S.K. Chakarvarti / American Journal of Materials Science and Technology (2014) Vol. 3 No. 1 pp. 13-21 18 The crystallite (D) size of the silver nanoparticles was calculated from the width of the XRD peaks (assuming that they are free from non-uniform strains), using the Scherrer formula (Klug, H.P. et al., 1954) . D= 0.94 λ / β Cos θ where D is the average crystallite domain size perpendicular to the reflecting planes, λ is is wavelength (0.15418 Å) of X-rays used, β is the broadening of diffraction line measured at half of its maximum intensity (in radian), full width at half maximum (FWHM), and θ is the diffraction angle. Fig. 5 . SEM image of biosynthesised silver nanoparticles under study. The observation of some larger nanoparticles in SEM image may be attributed to the fact that Ag nanoparticles have the tendency to agglomerate due to their high surface energy and high surface tension of the ultrafine nanoparticles (Henglein, A., 1998) . The average estimated crystallite size of present silver nanoparticles has been found to be 50 nm (derived from the FWHM of peak corresponding to (111) plane) which is consistent with SEM observations. Scanning electron microscopy (SEM) provided further insight into the morphology and size details of the silver nanoparticles. Figure 5 shows the SEM images of the as synthesized silver nanoparticles. The result confirms the existence of highly crystalline nanoparticles with very small, uniform shape. The SEM image showed that the silver nanoparticles are agglomerated. Particle size and distribution of nanoparticles mainly depend upon the relative rates of nucleation and growth processes, as well as the extent of agglomeration (Mulongo, G. et al., 2011) . Due to agglomeration the grain sizes of the samples estimated from the SEM image is larger than that obtained from XRD analysis. The silver nanoparticles size as obtained from 50-93 nm while using piper nigram leaf extracts (Justin Packia Jacob.S et al. 2013) depicts the particle size of 19.7-82 nm and that of using Elettaria Cardamomom (GnanaDhas G. et al., 2012) depicts the particle size of 40-70 nm range.
In the literature the antibacterial activity of silver nanoparticles is reported to a large extent (Kulkarni, A.P. et al. 2011 , Guzman, M. et al. 2012 , Kim, H.S. et al. 2011 , Geethalakshmi, R. et al. 2010 . The mechanism of action of silver nanoparticles against any bacteria is not completely known but it seems that the nanoparticles interfere in the respiratory metabolism of the bacteria and therefore, show antibacterial activity (Kulkarni, A.P. et al., 2011 , Z.T.Yao, et al. 2013 . In the present study the antibacterial activity of the ECS extract assisted bio synthesized silver nanoparticle was checked against Bacillus subtilis by using standard well diffusion method ( Figure  6 ). Distilled water is taken as negative control. Silver nanoparticle's activity was compared with the silver nitrate and ECS extract.
It is observed that all the samples i.e. the silver nanoparticles, ECS extract and silver nitrate, except distilled water showed antibacterial activity against the tested bacteria. It is revealed from the study that the zone of inhibition for ECS extract and silver nitrate is found to be 7mm and 11mm respectively as shown in figures 6(a) & 6(b). The silver nanoparticles show the maximum zone of inhibition i.e. 14 mm against tested bacteria (Bacillus subtilis) as shown in figure 6 (c). The study under distilled water shows no zone of inhibition against the bacteria as shown in figure 6(d). Therefore, in the present study it is observed that the silver nanoparticles synthesized using ECS extract, exerted a significant antibacterial action against the tested bacteria. The zone of inhibition against tested bacteria for silver nanoparticles is 14mm while in previous research (GnanaDhas G. et al., 2012) showed the zone of inhibition of 12mm which shows the excellent antibacterial activity with large zone of inhibition.
Conclusion
Silver nanoparticles were successfully synthesized by green synthesis technique using Elettaria cardamom seed extract as reducing agents without use of chemicals. In UV-Vis spectra, the peak was obtained at 445nm which corresponds to the absorbance of silver nanoparticles. The XRD pattern clearly shows that the silver nanoparticles synthesized by this green method are crystalline in nature. The surface morphology of the present samples also confirms the existence of highly crystalline nanoparticles with uniform shape. The study of antibacterial activity of as synthesized
